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From strip chart records it was concluded that the form of the recorded mitral diastolic closure slope can vary, that reproducible measurements of the closure rate can be madefrom echograms in which diastolic closure approximates closely to a monophasic form, that the amplitude of these echograms is maximal, and that their closure movements remain essentially monophasic at chart speeds up to Ioo mmls.
Measuring only complexes with essentially monophasic closure movements, the within and between-subject variation of the normal mitral diastolic closure rate was investigated. The ranges obtained from multiple measurements in a single subject andfrom a group of 45 normal subjects were comparable but the distribution of the results differed. It was concluded that there was a real between-subject variation in the normal mitral diastolic closure rate and that the diastolic closure rate in a single subject should be determined by measurement of a series of complexes.
The accuracy of measurement of the diastolic closure rate of the normal mitral valve has been improved by using strip chart records and by measuring only echograms in which diastolic closure approximates closely to a monophasic form.
Although echocardiography is being increasingly accepted as a valid method of cardiac investigation, instrumentation and recording techniques are not yet standardized (Joyner, I972) . No standard methods of measurement from recorded echograms have been described and the within-subject variation of such measurements has not been assessed. Edler (I96I) was the first to measure the diastolic closure rate of the mitral valve from the anterior cusp echogram in normal subjects. Published values for the diastolic closure rate of the normal mitral valve vary (Table) . This variation, which undoubtedly reflects differences in methods of recording, may also reflect differences in methods of measurement.
There is general agreement on the diastolic closure rate of the rheumatic mitral valve: the information obtained from this measurement is clinically useful and has been well substantiated (Effert et al., I964; Segal, Likoff, and On strip chart tracings recorded in 5 subjects at constant speed, the diastolic closure rate was measured from mitral echograms in which the form of the diastolic closure slope varied. In a further 3 subjects the diastolic closure rate was measured at varying chart speeds. Selection criteria which allowed reproducible measurement of the closure rate were established. Using only complexes which fulfilled these criteria, within-subject variation was assessed from strip chart recordings in two normal subjects and one with lone atrial fibrillation, while between-subject variation was investigated from the Polaroid records of 45 normal subjects.
Results
Variation in diastolic closure slope and measured diastolic closure rate The echograms in Fig. i were recorded from the same subject at a single examination. The amplitude, the form of the diastolic closure slope, and the diastolic closure rate measured from the slope vary.
In record 4 ( Fig. I ), the amplitude is maximal and diastolic closure is essentially monophasic, i.e. has a single main component. In records I to 3 (Fig. i) , the amplitude of all complexes is submaximal and diastolic closure is basically biphasic, i.e. has two main components, the first of which is relatively slow. The duration and speed of each of the two components vary: for the second component, this is well illustrated in record 3 (Fig. i) . Fig. 2 , recorded from another subject, also illustrates the variability of the diastolic closure rate measured from complexes in which the form of the diastolic closure slope differs. In complexes I, 2, and 8 the closure slope approximates closely to a monophasic form and the measured diastolic closure rates are in good agreement.
Standard method of measurement of diastolic closure rate From Fig. i and 2 it can be seen that because an average slope can be determined with acceptable accuracy, measurement of the diastolic closure rate from a closure movement with a single component is technically easy and provides reproducible results. It is evident that when there is more than one main component, a decision on which of these to measure must be made. If, for a biphasic closure movement, the initial component is chosen, the measured diastolic closure rate is slow, and if the second component is measured, the diastolic closure rate is fast. Further, as is illustrated in Fig. i record 3, though measurement of the fast component of a biphasic closure movement may often produce a diastolic closure rate comparable to that measured from a monophasic one, more variation can occur. In our experience, a diastolic closure movement which may for the purposes of measurement be Fig. i-6 ).
In Fig. i and 2, diastolic closure is monophasic only in complexes of maximal amplitude. We have, therefore, concluded that when echogram amplitude is maximal, the diastolic closure movement recorded from a normal mitral valve approximates closely to a monophasic form.
A further study was carried out to investigate the influence of recording speed on the form of the diastolic closure movement and in particular to determine whether movements which appear to be monophasic at low recording speeds are resolved into two or more components at high speeds. Echograms were recorded in 3 subjects at chart speeds from I0 to ioo mm/s (Fig. 4-6 ). When echogram amplitude was maximal and chart speed was I0, 20, or 50 mm/s, diastolic closure was recorded as a single major deflection (Fig. 4-6 ). With maximal echogram amplitude and a chart speed of ioo mm/s, some closure movements clearly approximated to a monophasic form (Fig. 5 ) but when, as in Fig. 6 multiple parallel echoes were recorded during diastolic closure, the form of the movement was difficult to identify. In so far as it was possible to be certain about the shape of these closure movements, it appeared to be intermediate between a definitely monophasic and a definitely biphasic form (Fig. 6) major departures from the monophasic form seen in the low amplitude complexes in Fig. i and 2 .
In those instances where essentially monophasic complexes were recorded at ioo mm/s, the measured diastolic closure rates were in accord with those determined from low speed records (Fig. 5) . When traces of the type shown in Fig. 6 To investigate within-subject variation of the diastolic closure rate, only echograms in which the closure movement approximated closely to a monophasic form were selected for measurement. The diastolic closure rates of a series of complexes were measured on strip chart records from each of 3 subjects: 2 normals and i with lone atrial fibrillation.
Forty-five complexes were measured in i subject and the distribution of the closure rates obtained is shown in Fig. 7 distribution for this mean and standard deviation. The data are a good fit to a normal distribution. This suggests that the within-subject variations are random and that no systematic bias has been introduced by the selection criteria.
Measurements were made from i5 complexes in the other normal subject and from I3 complexes in the patient with lone atrial fibrillation. The means and standard deviations for these two series of measurements were 20I I±I mm/s and 200± I0 mm/s, respectively: the standard deviations are comparable to that of the series in Fig. 7 . In atrial fibrillation, therefore, the varying ventricular rate does not affect the mitral diastolic closure rate: this can be confirmed by inspection of Fig. 8 (Fig. 7) , it is evident that the ranges are comparable. However, the values from the group of 45 subjects are more evenly distributed throughout the range and give a standard deviation of more than twice that of the within-subject study. The findings suggest that there is a real between-subject variation in the normal mitral diastolic closure rate. Discussion The variation in published values for the diastolic closure rate of the normal mitral valve (Table i) undoubtedly reflects differences in methods of recording: some of the workers used Polaroid records of the oscilloscope display, and others, employing an analogue gate system, recorded a single echo on an ink or photographic recorder. Both these recording methods have disadvantages (Ross, 1972; Joyner, I972) and echograms obtained by them are unlikely to be technically comparable.
The variation in published normal values may also reflect differences in methods of measurement: few of the authors detail their method of measurement, none comments on the variable form of the recorded diastolic closure movements, and only one indicates the extent of the variation in calculated diastolic closure rates from a single subject. In echograms in which the closure movement has two components, Ross (1972) measures the slower first Number Of component. Other authors illustrate diagrammatically the method of measurement when closure is monophasic but fail to describe how the diastolic closure rate was calculated from their actual records which are often biphasic.
Strip chart records are a major advance. Because multiple echoes and an unlimited number of cardiac cycles can be recorded, the accuracy of measurements made from the echograms can be improved. From strip chart records we have concluded first that essentially monophasic diastolic closure movements can always be recorded from a normal mitral valve, and secondly that when diastolic closure approximates closely to a monophasic form the amplitude of the echogram is maximal, while when closure is clearly biphasic the amplitude is submaximal. The form of the recorded closure movement is thus a function of the amplitude of the echogram.
We have suggested that to standardize measurement of the diastolic closure rate, only complexes in which diastolic closure approximates closely to a monophasic form should be selected for measurement and we have observed that these echograms are of maximal amplitude. The echogram amplitudes for the 45 subjects whose mitral diastolic closure rates are charted in Fig. 9 ranged from 22 tO 41 mm (mean 29 ± 4.3 mm). These are higher values than most of those previously reported (Segal et Echograms of maximal amplitude can theoretically be expected to originate from the free margin of the leaflet, and echogram amplitude diminishes progressively as the ultrasonic beam is directed away from the region of the free edge towards the root of the cusp. Therefore, our observations may indicate that during diastole, the free margin of the leaflet closes in a single, essentially uninterrupted movement while portions of the leaflet closer to the root close in two.distinct movements. In Fig. I0 several echograms comprise both essentially monophasic and essentially biphasic closure movements: the origin of the monophasic movement is always anterior to that of the biphasic one, consistent with its derivation from the free edge of the leaflet. Fig.  I0 illustrates how, particularly when using an analogue gate system, the most anterior portion of the echogram may be omitted. In these circumstances a biphasic closure movement originating behind the free margin of the cusp will be recorded.
Recording speed has a bearing on the accuracy with which the diastolic closure rate can be measured. We have discussed the difficulties which can arise in measuring closure movements recorded at ioo mm/s (Fig. 4-6 ). It should, however, be stressed that though it is easier to draw an average slope at low speeds, another source of error will become important at very low speeds. Thus, the slope is calculated from the ratio of a length measured along the position axis to a length measured along the time axis: at low speeds, the relative error in measuring the latter will increase and an increased error in the calculated diastolic closure rate will result. We recommend that as a suitable compromise between these two possible sources of error, the diastolic closure rate should be measured on essentially monophasic complexes recorded at 20 or 50 mm/s.
Applying our standard method of measurement we have recorded higher mitral diastolic closure rates in normal subjects than most of tho3e previously published. Layton et al. (1973) used an analogue gate system and attributed the slow closure rates which they observed to the fact that they were recording at speeds of ioo mm/s. We have made records in normal subjects at chart speeds up to ioo mm/s. We have no evidence that the measured diastolic closure rate decreases as the chart speed increases. We have, however, found that measurement of the mitral diastolic closure rate may on occasion be difficult at ioo mm/s. Though we may have been able to make reproducible measurements of the diastolic closure rate and have shown that the standard deviation of within-subject measurements is acceptably small, it is still possible to record widely varying closure rates from a single subject (Fig. 7) . To estimate the diastolic closure rate accurately it is thus essential to make measurements from a series of complexes. Because of the disadvantages of other recording methods, these measurements are best made on strip chart records. Measurement of monophasic closure movements on strip chart records should provide results of sufficient accuracy to allow investigation of the recent suggestion that the mitral diastolic closure rate can be used as an index of left ventricular filling (Layton et 
